Abstract
Morphological and chemical characterization of Mg(OH) 2 nanoparticles
To characterize phase purity and crystallographic structures of the magnesium hydroxide nanoparticles,
112
XRD measurements were carried out using an X-ray diffractometer (Philips X´Pert) with Cu Kα radiation 113 (λ=1.54 Å). The voltage and current were set to 40 kV and 40 mA, respectively. The samples were mounted 114 on a circular holder, and the spectra were recorded in the range of 2θ = 10-50° at a scanning test of 2 115 °/min. The average crystallite size of the magnesium hydroxide nanoparticles in the cellulose samples was 116 estimated by Scherrer´s formula, D=Kλ/βcosθ, where λ is the wavelength of the X-ray radiation (in Å), K is a 117 constant taken as 0.9, β the full width at half-maximum height (FWHM) and θ is the diffraction angle (in 118 rad) (Khorsand Zak et al.2012) . The morphological study of the Mg(OH) 2 nanoparticles were conducted by 119 scanning electron microscopy (SEM) (Philips XL 30/EDS D×4) and transmission electron microscopy (TEM, 120 JEOL JEM 2100 at 200 kV). X-ray energy dispersive spectroscopy (EDS) analyses were carried out to study 121 the composition of the Mg(OH) 2 nanoparticles. The samples for TEM studies were ultrasonically dispersed 122 in acetone and then deposited on holey carbon copper grids. 
Characterization of cellulose sheets

124
X-ray Diffraction (XRD)
125
The crystallographic structures of the different cellulose samples were also analysed by the X-ray diffraction Prior to pH measurements, 120 mg of the samples were preconditioned at 23 °C and 50%RH for two days.
155
Then, the samples were weighed, cut in pieces and placed inside screw top vials. 10ml of ultrapure water
156
(with a resistivity of 18 MΩ⋅cm -1 ) were added and vial was sealed. The vials were kept in ultrasound bath for calculated by Scherrer formula was 45±3 nm. In addition, there was no significant difference in the 191 crystalline structure of brucite after attachment to microfibrillated cellulose.
192
The crystallinity index of cellulose (CrI) was determined from XRD data by using the Segal method.
193
The crystallinity index of 74% of unbleached cellulose fibers (UB) is lower than that of the bleached (B)
194 fibers (Crl=81%). The refining process induces an increase in crystallinity, which is also well documented in Surface smoothness is one of the most important paper properties when it comes to printing application.
247
The smoothness of a paper is affected by the raw material selection and its treatment as well as coating tensile index values of the sheets were not changed significantly after treatment with Mg(OH) 2 Figure 7 shows the variation of the pH of the cold water extracts after immersion of the cellulose sheets for 278 one hour. The pH tests were performed on the unaged sheets and the sheets subjected to artificial aging.
279
As expected, after the incorporation of the magnesium hydroxide nanoparticles in cellulose sheets, all the 280 samples experienced an increase in their pH (Figure 7) . The untreated paper UB-, B-and M-sheets showed 281 pH around 7, while the pHs of the UB-MH-I, B-MH-I and M-MH-I sample were in the range from 8 to 8.5.
282
These values are close to the optimal pH value for paper protection of ~8.5 established in the literature. 32 It 283 should be noted that it is very important to keep the pH within the proposed limits, especially when it 284 comes to the preservation of the documentary heritage. At higher pH (around 10), it was found that the 285 cellulose is susceptible to alkaline depolimerization. 33 Concerning the aged samples, slightly lower pH 286 values are observed with respect to that of the initial sheets. Nevertheless, the observed changes were less 287 than 5% proving the stability of the treated sheets on the possible effects of environmental stresses. 
Conclusions
289
In this study, brucite magnesium hydroxide nanoparticles synthesized by the hydrothermal method were 290 used for the treatment of the pine cellulose fiber sheets with different refining degree. The sheets were 291 fabricated from bleached (B) and refined unbleached (UB) fibers as well as their 50%/50% mixture (M).
292
They are treated with two main methods used for modification of the paper surface with inorganic 
